To investigate the mechanism of heat and moisture transfer in soil heat charging for solar-soil source heat pump system, a testing rig of one-dimension soil heat charging is constructed. Two different soils, sand and loam, are used for the testing. The soil temperature distribution and volumetric water content (VWC) variations are studied under different heat source temperature and soil initial VWC, and the difference between these two soils is analysed as well. The coupled and mutual effect of heat and moisture transfer is discussed. The study shows that sand is better than loam in soil heat charging. The heat source temperature has an obvious impact on soil VWC distribution. Higher heat source temperature leads to higher peak VWC. The initial VWC has a slight impact on soil temperature distribution.
Introduction
Ground source heat pump is a kind of high energy-efficient heat pump system, making use of geothermal resources for both heating and cooling [1] . For northern china, the demand on heating load is much higher than that on cooling load, which means soil source heat pump system absorbs more heat from soil in winter than the heat injected into soil in summer [2] . Therefore, many years' system operation will lead to the decrease of soil temperature gradually, and consequently reducing the system performance and coefficient of performance (COP). As a result, a novel solar-soil source heat pump compound system (SSHPCS), jointly employing solar energy and geothermal energy, was created [3] [4] . The SSHPCS absorbs solar energy and injects heat into soil in summer to provide a better annual soil heat balance between winter and summer. Many studies [5] [6] [7] found that soil VWC had a slight impact on heat transfer at low temperature soil heat charging, but the effect of soil VWC on heat transfer seemed to be quite important at high temperature soil heat charging. Meanwhile, different soil features have different effect on heat and moisture transfer in soil heat charging.
Many scholars have conducted related studies about this. Chochowski et al. [3] studied the performance of solar-soil source heat pump compound system and discussed the efficient of heat pump in the system and the properties of energy transfer. Hepbasli et al. [4] discussed the soil source heat pump system that using for heating in term of thermodynamic, worked out the balance equation of energy, quality and entropy of underground heat exchanger that using U-tube, and described the working features of ground source heat pump system in term of entropy. Gao et al. [5] conducted a preliminary study on the heat and moisture transfer in underground heat exchanger of ground source heat pump system with heat source and investigate the influence of underground volumetric water content on the heat exchanger features in heat exchanger area. Wang et al. [6] constructed the testing rig of heat and moisture transfer in soil under the condition of high-temperature thermal storage to test the temperature and moisture fields and the amount of heat transfer with different charging temperature and initial VWC. However, these studies failed to provide a clear description and explanation of the coupled and mutual effect of heat and moisture transfer in soil heat charging, and it was difficult to accurately analyze the working principle of heat and moisture transfer and the occurrence of peak temperature and peak VWC.
This paper provided a simplified design of testing rig to study the soil heat charging at high temperature in summer working mode and investigated the coupled and mutual effect of heat and moisture transfer under soil temperature gradient and VWC gradient as well as the influence of heat and moisture transfer on soil heat charging for two types of soil sand and loam. The performance difference of soil thermal storage was compared and discussed in this paper. Fig.1 Testing rig of one-dimension soil heat charging at high temperature Fig.1 shows the diagram of testing rig for the investigation of one-dimension horizontal heat and moisture transfer at high temperature in soil heat charging. The rig was made up of soil pillar, water bath, thermocouples and VWC sensors as well as data logger. The testing rig was simplified to investigate the one-dimension horizontal coupled and mutual effect of heat and moisture transfer without considering vertical moisture transfer under the gravity effect. The soil pillar, 1200 mm in long and 110 mm in diameter, was made of a PVC pipe with good external insulation filled with soil. Spiral copper tube, connected to water bath, was buried at one side end of soil pillar, acting as the heat source for soil heat charging. The water bath could provide hot water of various temperatures ranging from 0 to 100 o C, with an accuracy of ±0.1 o C and kept constant temperature as controlled during a period of time. Thermocouples with an accuracy of ±0.1 o C and VWC sensors with an accuracy of ±2%, connected to data logger, were installed for the testing of soil temperature and VWC.
Description of testing rig
The soil pillar was fixed on a horizontal plane. Considering the soil area near heat source (spiral copper tube) could be more affected by heat and moisture transfer than the further end side, more testing points were set at the area. As shown in Fig. 1 , seven testing points for VWC sensors, marking I, II, III, IV, V, VI and VII, were set with a distance to heat source of 30 mm, 100 mm, 200 mm, 300 mm, 460 mm, 600 mm and 750 mm, respectively. Eight testing points for thermocouples, marking I, II, III, IV, V, VI, VII and VIII were set with a distance to heat source of 5 mm, 55 mm, 125 mm, 225 mm, 325 mm, 475 mm, 625 mm and 775 mm, respectively. Sand and loam were used for the testing. Hot water of 60 and 80 was employed for the testing in this paper. The time of each testing lasted for 48 h. The list of testing modes is shown in Table 1 . Fig.3 shows the effect of different heat source temperature on peak VWC at testing point I for sand and loam. It can be seen from Fig.3 that the time consumption for peak VWC increases with the increasing heat source temperature under the same initial VWC. For loam, the time consumption for peak VWC increases from 4.5h to 5h while the value of peak VWC increases from 0.18 to 0.2251 as the heat source temperature increases from 60 to 80 . For sand, the time consumption for peak VWC increases from 2h to 3h while the value of peak VWC increases from 0.1876 m 3 /m 3 to 0.2161 m 3 /m 3 as the heat source temperature increased from 60 to 80 . The time consumption for peak VWC under each testing mode is different. That is because the same heat source temperature leads to the same soil internal temperature difference and consequently the same VWC difference caused by soil temperature difference at the same initial VWC. But the VWC difference could increase with the increasing initial VWC, therefore the time for the increasing VWC difference to reach equilibrium increases and the time consumption for peak VWC under coupled and mutual effect of heat and moisture transfer increases as well. Similarly, the soil temperature difference increases with the increasing heat source temperature, and consequently the VWC difference increases as well at the same initial VWC. As a result, the time for the increased soil temperature difference and VWC difference to reach equilibrium increases. Moreover the time consumption and value for peak VWC under coupled and mutual effect of heat and moisture transfer increase as well. Fig.2 The effect of different initial VWCs on peak VWC at testing point I for sand and loam Fig.3 The effect of different heat source temperatures on peak VWC at testing point I for sand and loam Fig.4 shows the temperature variation of sand and loam at testing point ', ' and '. It can be seen from Fig.4 that the soil temperature for each testing point increases firstly, reaching a peak value and after that keeping relatively stable. That is because the temperature difference between heat source and soil is high at the preliminary stage of soil heat charging, so that the soil temperature increases sharply at the beginning. With soil temperature going up, the temperature difference decreases and therefore the soil temperature increase tends to be slight later. The peak temperature at testing point I of loam is 66. 4 , 12.4 higher than that of testing pointing II. The time consumption of peak temperature at testing point I is 7h, 2.5h less than that of testing point II. It is obvious that the peak soil temperatures of testing points near heat source are higher than that of other testing points and the time consumption for peak soil temperatures of testing points near heat source are less as well due to soil thermal resistance.
Results and discussions
The peak temperature at testing point I of sand is 75.2 , 8.8 higher than that of loam. The time consumption for peak temperature at testing point I of sand is 5h, 2h less than that of loam. It's obvious that the temperature of sand is higher than that of loam, and the time consumption before temperature stabilization is less than that of loam. 5 shows the effect of initial VWC on soil temperature variation at testing point I' and ' for loam. It can be seen from Fig.7 that the increase of initial VWC leads to a slight increase of loam temperature. The time consumption for loam temperature to be stabilized at testing point I' is shown in Table 2 . It can be seen that the time consumption for loam temperature to be stabilized increases with the increasing heat source temperature and initial VWC.
Conclusions
1) The occurrence of peak VWC is found in soil heat charging at high temperature and it happens firstly at the area near heat source. With further heat transfer in soil, the position of peak VWC moves towards the other cold end of soil pillar.
2) Under the same condition, the speed of moisture transfer in sand is faster than that in loam, and the amount of moisture transfer in sand is also more than that in loam. At the same position, the time consumption for peak VWC of sand is less than that of loam, and the value of peak VWC of sand is higher than that of loam.
3) The heat source temperature has an obvious impact on soil VWC distribution. Higher heat source temperature leads to higher peak VWC. The initial VWC has a slight impact on soil temperature distribution.
